0.000949 0.0009376 0.0008886 0.00007135 Sy.x 0.009907 Constraints K m K m > 0 and shared K m > 0 and shared K m > 0 and shared K m > 0 and shared I I = 0 mM I = 0.5 mM I = 1 mM I = 2 mM K i K i > 0 and shared K i > 0 and shared K i > 0 and shared K i > 0 and shared V max V max > 0 and shared V max > 0 and shared V max > 0 and shared V max > 0 and shared a -Data are plotted in Figure 2A . Statistical and experimental methods are described in the Experimental Section of the main text. b -Global fitting used shared parameters (see Constraints below) and incorporated datasets from all inhibitor (α,α-difluorophenylacetate) concentrations (0, 0.5, 1, and 2 mM). Table S3 . Primers used in this study
Primer Name Primer sequence a
For site-directed mutagenesis of PhdB_s using plasmid pAS010 and strain AS019
phdBs_H327A_Fwd MeS- MeSF Cys- Opt in chloroform: Gly Imidazolium Imidazole MeCO2 PhCF2CO2H Opt in chloroform: -658.510254
PhCF2CO2- Opt in chloroform: -657.832220
PhCF2H PhCFCO2 radical anion PhCH2CO2H PhCH2CO2- PhCH3 PhCHCO2 radical anion 
S15
PhCH radical anion This IRC shows that H-atom transfer and decarboxylation are indeed predicted to be concerted, but they occur asynchronously -note that decarboxylation hasn't noticeably begun in the TSS (above) but does occur before a minimum is reached (final structure of IRC below), i.e., H-atom transfer occurs early along the reaction coordinate, followed by decarboxylation/electron transfer.
IRC toward reactant:

S18
The end-point of the IRC corresponds to the following structure, an irrelevant tautomer of the complex:
Using this structure, the predicted barrier for concerted but asynchronous Hatom transfer/decarboxylation is ~36 kcal/mol. The red highlighted point in the IRC plot above corresponds roughly to the low point in the gradient norm, the following structure:
Using this structure, the predicted barrier for concerted but asynchronous Hatom transfer/decarboxylation is ~7 kcal/mol. However, optimizing the TSS and reactant complex (carboxylate/imidazolium) in water (with SMD) leads to a later TSS (below) and predicted barrier of ~30 kcal/mol, as a result of selective stabilization of the charge separated reactant.
Re-optimizing in chloroform (which has a dielectric constant that some consider representative of enzyme active sites, although they are obviously heterogeneous) leads to a predicted barrier of ~29 kcal/mol (fully optimized minimum, for which acid is protonated and His is not) and ~28 kcal/mol (single point in chloroform on water-optimized minimum; electronic energies only). The TSS in chloroform is shown below.
So, it does not appear that concerted H-atom transfer/decarboxylation/proton transfer is likely (unless it is further promoted by the enzyme).
While we do not believe that Tyr691 is close enough to participate in this type of pathway, preliminary calculations were carried out. These indicate 
THE FATE OF THE METHYLENE HYDROGEN ATOMS OF PHENYLACETATE IN THE PHDB REACTION
Depending on whether PhdB attack is at the methylene carbon or the carboxyl group, the fate of the methylene hydrogen atoms of phenylacetate in the PhdB reaction could be of interest for elucidating the PhdB mechanism. Considering the possibility that hydrogen-atom abstraction is from the methylene carbon, we investigated the fate of the hydrogen atoms from the methylene carbon during the PhdB reaction. In vitro studies of PhdB were conducted with a range of deuterium-labeled phenylacetates ( Figure S2A ), including α,α-D 2 -phenylacetate (C 6 H 5 CD 2 CO 2 -;
Rxn 1), 2,3,4,5,6-D 5 -phenylacetate (C 6 D 5 CH 2 CO 2 -; Rxn 2), and α,α-2,3,4,5,6-phenyl-D 7 -acetate (C 6 D 5 CD 2 CO 2 -; Rxn 3). As indicated schematically in Figure S2A , for all three of these deuterium-labeled substrates, the toluene product had the same number of D atoms as its labeled phenylacetate precursor. This is perhaps not surprising for Rxn 2, as PhdB is not expected to break any C-D bonds on the aromatic ring. However, it could be more noteworthy for Rxn 1 and 3, which have deuterium atoms on the methylene carbon, one of which could be abstracted from the substrate by PhdB according to results presented in Figure 1 . Thus, for Rxn 1 and 3, one might expect one less D atom on the toluene product than in the phenylacetate precursor. These data provide strong evidence that, if a hydrogen atom is abstracted from the methylene carbon, it is retained on the toluene product.
The determination from mass spectrometric data that the toluene products in Rxn 1, 2, and 3 have 2, 5, and 7 D atoms, respectively, requires detailed explanation. One important line of evidence is that the molecular ions (M + , representing the mass of the ionized but unfragmented molecule) of these labeled toluene products have m/z (mass/charge) ratios that are consistent with the number of D atoms represented in Figure S2A ions in their mass spectra ( Figure S2B ). As has been studied in great detail (e.g., 1, 2 ), during electron-ionization gas chromatography-mass spectrometry analysis, toluene forms a radical cation after ionization with a 70 eV electron, and then loses a hydrogen atom while rearranging into the seven-membered, aromatic tropylium ion ( Figure S2C ). Because of the high relative stability of the tropylium ion (m/z 91, C 7 H 7 + ), it has greater abundance than the M + ion of unlabeled toluene (m/z 92) ( Figure S2B ). In deuterium-labeled toluene spectra, the relative abundance of [M-H] + and [M-D] + tropylium ions is thought to be modulated by several factors:
(1) there is a slight preference for loss of methyl (α) hydrogens vs. ring hydrogens 1 , (2) an isotopic effect whereby H atoms are more easily lost than D atoms 1 , and (3) beyond the first two factors, by simple probability, the greater the number of D substitutions of toluene, the more likely a D atom will be lost rather than an H atom (and vice versa). The latter factor is apparent in Figure S2B , (Table S4) ; nonetheless, the ratio for the Rxn 3 product is consistent with the trends apparent in Figure S2B . represents the products of in vitro PhdB reactions, whereas the other data represent authentic standards (note that the data for the Rxn 2 product was identical to that for an authentic standard). (C) Schematic of mass spectral rearrangement of the radical toluene cation to the tropylium ion, showing the loss of a hydrogen atom. if a hydrogen atom is abstracted from the methylene carbon of phenylacetate in the PhdB reaction, it is retained in the toluene product. Analogous results were reported for another GRE, benzylsuccinate synthase (BSS), where it was found that the hydrogen atom abstracted from the methyl carbon of toluene (the substrate of BSS) was retained in the succinyl moiety of the benzylsuccinate product 3, 4 . By analogy to BSS, it is likely that a methylene hydrogen atom abstracted by the PhdB thiyl radical at Cys482 to form a thiol (Figure 3 , green), would then be donated back from Cys482 to quench the substrate benzyl radical (Figure 3 ).
